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INTRODUCTI~ PAGE 1 

The 067-1178-99 calibration fixture provides a rapid, high 
precision calibration method for the capacitance of oscilloscope 
one Megohm inputs and input normalizers. It also provides for the 
precision alignment of 10X probe compensation into a controlled 
load capacitance. Probes calibrated with this method can be used 

. interchangably on oscilloscope inputs similarly calibrated, with 
resulting system errors held within predictable limits. 

~The fixture uses phase sensitive bridge techniques to compare 
the ~alue of the device under test against an internal reference. 
Deviations from the correct value are displayed on a bar graph type 
LED array. Three instrument modes <"PROBE 0 , 0 lNPUT°, "NORM"> provide 
the instrument configuration necessary for each measurement. The 
8 lNPUT 0 mode makes its measurements through a test head which attaches 
directly to the input under test, eliminating the effects of parasitic 
cable capacitance from the measurement. A •RELATIVE DEVIATION" mode 
al lows measurements to be made relati•Je to an arbitrary reference. 

Output signals include a drive signal for normalizers and one 
for 10X probes. A precision one Megohm input provides a defined load 
for both normalizer and probe calibration. 



OPERATING TEMPERATURE: 

STORAGE TEMPERATURE: 

CALIBRATICl-4 TEMPERATURE: 
f-

ACCURACY - PROBE HOOE 
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SPECIFICATI!Jo.1 

+18 TO +28 DEGREES CELSIUS 

-40 TO +70 DEGREES CELSIUS 

+18 TO +28 DEGREES CELSIUS 

Display nulled: (+or-) 0.1/. of nominal calibrated division ratio 

Deviation indicator: (+ or -> 10/. of indicated deviation 

ACCURACY - INPUT HOOE 

Display nulled: (+or-) 0.05/. of nominal calibrated capacitance 

Deviation indicator: <+ or -) 10 /. of indicated deviation 

ACCURACY - NORM MODE 

Display nulled:.<+ or-) 0.05/. of nominal calibrated capacitance 

Deviation indicator: (+ or -) 10/. of indicated deviation 

NOMINAL INPUT CAPACITANCE OF CONTROLLED INPUT: 22.0 Picofarads 

RELATIVE DEVIATION DRIFT: Maintains null for at least one minute 

CALIBRATICl-4 INTERVAL: Twelve Months 

> 

~ 
~~ 
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OPERATI~ 

PROBE MODE 

Connect the 10X 9 Megohm probe <P6121 for example) to the 
instrument by inserting the probe tip into the "probe" signal 
jacK and connecting the comp box end to the •input• connector. 
Press the •PROBE• mode button. MaKe sure the relative deviation 
switch is in the "ABSOLUTE• position (button out>. 

· The display will read the deviation of the probe/input 
division ratio from the internally calibrated ideal value. Too 
much output from the probe registers as a positive deviation, and 
too 1 ittle registers negative. The indication is directly in 
percent. For example, if the ideal output/input ratio is 0.1000 
and the actual ratio is 0.101250, the LED column will 1 ight in the 
direction of positive deviation and the top most LED will indicate 
that the deviation lies between 1.0/. and 1.5/.. 

To precisely compensate the probe, adjust it's compensation 
until the display is nulled <the center bar cannot be extinguished). 
For an analysis of possible errors due to probe interchangabil ity 
see the appendix of this manual. 

INPUT MODE 

flug the head cable into its connector on the fixture front panel 
and connect the head BNC to the input to be adjusted. Press the •1NPUT 11 

mode button. HaKe sure the relative deviation switch is in the 
•ABSOLUTE" position. 

The display will read the deviation of the input capacitance under 
test from the internally calibrated ideal value. The head contains 
a normalizer type circuit and forms a divider with the input under 
test. Too much signal out of the divider <input capacitance too 
small) registers as a positive deviation. Too 1 ittle signal (input 
capacitance too large) registers negative. To precisely calibrate 
the capacitance of the input under test, adjust it to null the display. 
For an analysis of errors occuring with interchangable probes and 
inputs calibrated in this way, see the appendix of this manual. 

To adjust an attenuator input so that all steps match each other 
without regard to the absolute capacitance, set the attenuator to 
the position the other steps must match and null the display by 
pressing the relative deviati-orfbutton. Other attenuator positions 
can now be adjusted to match ·the new reference. 
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NORHALI ZER MODE 

Connect the normalizer to be tested to the •INPUT• connector 
on the fixture and connect the normalizer excitation signal from 
the •NORM" signal output to the normalizer input using a short 
coax. Do not use a terminator. Make sure the relative deviation 
sW i tch is in the "ABSOLUTE• pos i ti on. Press the •NoRH• but ton. 

"The display will indicate the deviation of the normalizer/input 
divhion ratio from the ideal of 0.500. Too much signal fran 
the divider action (normalizer capacitance too high) registers as 
a positive deviation. Too 1 ittle signal (normalizer capacitance 
too small> registers negative. 

To precisely calibrate the normalizer, adjust it to null the 
display. 

GENERAL 

The signal applied to the input under test in •INPUT• mode 
is approximately 400mV P-P at 25Khz. This is within the dynamic 
range capabilities of most oscilloscope input buffers. 
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CALIBRATI~ PROCEDURE 

EGUIPHBfT 

1. 2236 Oscilloscope 

2. 067-1129-00 input normalizer modified by re-adjusting 
to 20.0 pF. See 067-1129-00 calibration procedure 
for details. Freshly calibrated. 

3. Floating, battery powered unity gain buffer amplifier with 
precision calibrated 1 Megohm 22.0 pF input. See 067-1129-00 
calibration procedure for details. Freshly calibrated. 

4. Precision AC DMH calibrator <Fluke 5200A or equiv.) 

5. P6121 voltage probe 

6. 6 inch 50 ohm coax cable 

7. Adapters as required to connect P6121 probe tip to output 
of calibrator. 

PROCEDURE 

1. Using the 2236 instrument, check the +15 and -15 volt 
supplies and verify that they are within 5"1. of nominal. 
Also check for less than 3mV RMS of ripple. 

2. Depress all three mode switches until they latch and 
adjust •GROIJ'.ID BALANCE• to null the display. 

3. Depress the 8 PROBE 11 AND "NORM• switches and adjust •100mV 
BAL" to nu 11 the display. 

4. Repeat steps 2 & 3 as necessary. 

5. Depress the •INPUT• switch and connect the head power cable to 
it~s jack on the front panel of the fixture. Connect the BNC 
of the head to the precision calibrated 22.0 pF input of the 
battery powered buffer amplifier. Switch the amplifier power 
on and adjust the trimmer capacitor in the head to null the 
display. Switch off the amplifier. 

·' ..,._ ~--· 

6. Connect the head to the •INPUT• jack on the fixture. Adjust 
the input capacitance <C100) for a nulled display, 
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7. Depress the "PROBE• switch and connect the P6121 probe tip 
to the •probe" output signal on the panel of the fixture. 
Connect the comp box of the P6121 to the 1 input" jack 
of the fixture. Adjust the probe to null the display. 
Now connect the probe tip to the calibrator output and 
the comp box end to the CH1 input of the 2236. Set the 
CHl attenuator to .SV/div <lOX) and select AC coupling and 
CH1 volts. Adjust the calibrator output to give a reading 
of 4.000 volts at 25KHz. 
Adjust the probe for a reading of 4.040 volts. Reconnect the 
probe to the fixture and adjust the 8 PROBE CAL" tweek until 
the +1.0/. to +1.5/. LED just barely 1 ights. 

8. Connect the 20 pF normalizer in a similar way and adjust the 
•c CALn adjustment starting fully clockwise and backing off 
until the >2.0 pF LED just goes out. 

9. With the 20 pF normalizer still connected, press the 1 SET/HOLD 1 

button and observe the display. The display should null. 
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THEORY OF OPERATI~ 

The 067-1178-99 uses synchronous AC bridge techniques to 
compare the device being measured against a calibrated reference. 
The difference signal corresponds to error and is amplified, 
detected and displayed on an LED bar graph. 

OSCILLATOR 

The 25KHz excitation signal is derived using a Wein Bridge 
oJ.cillator (U3a and associated components). The output of this 
circuit -is half wave rectified and converted to current through 
the PROBE DEVIATI~ CAL pot and associated resistor and diode. 
That current is summed with a constant current derived from the 
-15 volt supply at the summing junction of the integrator comprised 
of U3b and it's feedback capacitor. The output voltage of U3b sontrols 
the resistance of a FET which is the bottom resistive element 
in the negative feedback path of the oscillator. The Fet resistance 
is linearized by its two associated resistors. U3b thus acts 
to force the average AC output voltage of the oscillator to a value 
proportional to the reference current set by the -15 supply voltage. 
Its control is accomplished through electronic adjustment of the 
oscillator gain. 

BRIDGE 

INPUT and NORM measurements use a 2:1 bridge division ratio with· 
SOOmV P-P excitation. PROBE measurements use approximately 10:1 
division ratio with lOV P-P excitation. The 2:1 reference is set by 
a pair of 1.0K .01~ matched resistors. The 10:1 reference is set by 
a precision thin film network and modified by R200 to give exactly the 
necessary ratio. see the section of the appendix discussing 10X 
divider probe performance for a discussion of the considerations 
involved in thi choice of R200. The ratio used for the P6121 is 
0.099638. 

For INPUT measurements, the test side of the bridge consists 
of a precision RC network in the head, driven by the excitation · 
signal and forming a divider with the input RC under test. The 
common node is buffered by a unity gain mosfet input buffer, U1, 
also in the head. The output signal is routed through the head cable 
to the mode switch to the bridge amplifier input, where it is compared 
against the 2:1 divider output. 

For NORM measurements~. \~e test side of the bridge consists 
of the normalizer under tes~'driven by the excitation signal and 
forming a divider with the calibrated 22.0pF reference input RC. 
The signal at the convnon node is buffered by a mosfet input buffer, 
U2. The output signal is routed through the mode switch to the 
bridge amplifier input, where it is compared against the 2:1 divider 
output. 

For PROBE measurements, the test side of the bridge consists 
of the probe under test, driven by the excitation signal and forming 
a divider with the calibrated 22.0pF reference input RC. The voltage 
at the common node is buffered by U2 and routed through the mode 
switch to the bridge amplifier input where it is compared against the 
10:1 divider output. 
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BRIDGE ~PLIFIER 

The excitation signal is squared for use as a phase reference 
by Qi and Q2 and their associated components. Q3, Q4 and U1S 
convert the duty factor of the phase re~erence to a DC voltage 
with gain and apply it to Q2's base. This connection drives the 
duty factor of the phase reference to a stable value, independent of 
offsets present on the excitation signal. The 100MV BAL adjustment 
serves as a fine trim of this duty factor to bring it to exactly 

;.SO/.. When properly adjusted, this loop ensures that the bridge 
amplifier is not influenced at all by DC offsets on its input 
terminals, enhancing its stability. 

· Input signals are applied to bridge amplifier inputs pins 2 
and 10 of U6. The resulting collector currents of this input 
stage are applied to the cross connected output section of U6 
where they are phase switched in step with the phase reference signal. 
One side of the output structure sinKs current directly from the 
summing junction of inverting amplifier US, while the other side 
sinks current through a 2K resistor. The resulting voltage, averaged 
by the 1uF shunt capacitor, is applied to voltage to current 
converter U8a and associated components. The resulting current 
sources the summing junction of US, so that with no differential 
bridge input US receives no average signal current. The GROUND BAL 
adjustment fine trims this condition. The summing junction voltage 
at US is about 10.0V. For differential bridge input signals in-phase 
with the excitation signal, a proportional average current will 
drive US, caus)ng its output to move in response. 

RELATIVE DEVIATION CIRCUIT 
I 

When the SET/HOLD button is out, US's output voltage is tracked 
on a 1uF plastic hold capacitor and buffered by U16. When the SET/HOLD 
button is pressed, tracking is discontinued and the held voltage 
is applied through a resistor equal in value to US's feedback resistor 
back to the summing junction of US, nulling the signal current. 
Subsequent changes in signal current are then displayed as deviations 
about the previous value. 

DISPLAY 

U7b sets the bias voltage for U5. U7a and U8b establish references 
that are both plus and minus 2.50 volts referred to the bias point. 
These are applied to the reference divider strings for the display 
comparator arrays U9, 10, 11"'.r_12, 13. The center LED is always 
1 it. If a positive deviation is registered, all LEDs 1 ight whose 
corresponding comparators have been driven beyond their trip points. 
Similar action occurs for negative deviations. 
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CALIBRATICJ'-1 PROCEDURE - 067-1129-00 

lh'TRODUCTI ON 

The 067-1129-00 is a precision normalizer used to set 
oscilloscope input capacitance. It is designed to support the 2236 
instrument. 

EQUIPMENT REQUIRED 

STANDARD CAPACITOR - approximately 22 picofarads, high quality 
dielectric (air, NPO ceramic, or glass) 
mounted in a shielded can with connection 
brought out via a female BNC. Shell of BNC 
tied to one side of capacitor and to wall 
of shielded box. 

DIGITAL RLC HETER - Hewlett-Packard 4275A or equivalent capable 
of measuring 22 picofarads with .001pF 
resolution i 20KHz and additional error, 
with 1 Megohm in shunt, of .04/. beyond the 
basic measurement error measuring pure 
capacitance. 

ADAPTER FOR RLC HETER - Converts 4 terminal measurement 
configuration of meter to 2 terminal 
floating BNC configuration. Hust be 
custom built - not available from H-P. 
See attached sketches. 

BUFFER AMPLIFIER - Precision unity gain battery powered buffer 
amplifier with female BNC input connection 
and input RC of 1 Megohm 0.1/. 1 22pF 
adjustable. Hust be custom built. See 
attached sketches. 

DIGITAL MULTIMETER - Fluke 8800A or equivalent 5-1/2 digit 
meter capable of sine wave AC measurements 
at 20 KHz • 

. AC CALI BRAT OR Fluke 5200A or equivalent generator 
caP.able of generating precision amplitude 
sL~e waves at 20Khz. 

NORMALIZER TO BE CALIBRATED - 067-1129-00 
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PROCEDURE 

1. Determine the value of the standord capacitor to best possible 
accuracy using an NBS traceable bridge in a calibration lab 
environment. A test frequency of 20KHz is recorrmended, however 
1KHz is acceptable. Record the reading as Cstd. 

f-2. Connect the floating BNC adapter to the H-P 427SA and select 
the following configuration: 

Di splay A: C 
Di splay B: Q 

Circuit mode: Parallel 
High Resolution: ON 
LCR2 range: Auto 
Frequency 20KHz 
Osc Leve 1 : 1 Vol t 
Trigger: INT 
Cable Length: 0 
DC Bias: 35 V Max 

Perform an open circuit zero on the system. 
Now connect the standard capacitor to the system and record the 
reading as Cref. 

3. Remove standard capacitor and connect the buffer amplifier 
input to the meter. Switch the buffer amplifier on and 
set its input capacitance to 22.0pF by adjusting for a displayed 
reading as specified by the following equation: 

READING = 22.0pF X [Cref] 
. Cstd 

The buffer amplifier is now calibrated to 22.0 pF. 

4. Connect buffer amplifier output through suitable adapter to 
the input of the 5-1/2 digit AC voltmeter and s~lect the one 
volt range on the meter. Set the AC ca 1 i bra tor to provide 
exactly 0.5 volt at 20K~z and connect this signal to the input 
of the buffer amplifier~ Note the meter reading and assure 
that it is close to o·.~··volt. 

5. Connect the normalizer to be calibrated to the input of the 
buffer amplifier and apply the calibrator output to the normalizer 
input. Increase the calibrator output to exactly 1.0 volt. 
Adjust the normalizer for an AC voltmeter reading which 
exactly matches that noted in step 4. Repeat this step 
for all other normalizers to be calibrated. 



DISCUSSI~ 

Step 1 is limited in accuracy by equipment at the Cal Lab site, 
and typically achieves 0.01/.. This accuracy is transferred in step 
2 to the RLC meter. The additional error of the RLC meter for 
this particular measurement is approximately 0.04/. due to additional 
uncertainties introduced by the 1 Megohm shunt resistance, bringing 

~the total uncertainty to 0.05/.. If step 3 is performed properly, 
no substantial additional error is added and the 0.05/. capacitance 
a;;curacy is transferred to the buffer amplifier's input. The additional 
~rror in steps 4.and 5 is dependent on the errors within the calibrator 
and for the equipment and settings shown amounts to a worst case of 
0.046/. additional division ratio error. 
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